In cellular networks, the application of device-to-device (D2D) 
Introduction
As more and more new mobile multimedia services for mobile users to choose, the demand for high-speed wireless access data rates increasing in communication system, a number of new wireless technologies have emerged. Such as LTE-A (long term evolution advanced), WIMAX (world interoperability for microwave access), can provide highspeed, high-capacity mobile services and also to ensure users Qos (quality of service) [1] . On the other hand, the development of cellular network technology promote the "small cell", "micro cell" and other new technologies, so it is possible to improve network capacity by reducing cell size and control interference effectively. However, all these innovations still rely on centralized network topology, mobile devices need to communicate through an access point or BS (base station). Such centralized network topology is often limited by the carrying capacity of BS and access points, once there is a huge number of communication request, the network congestion may occur. And the BS and the access point may not be complete have the transmission parameter information between devices, thus bring difficulty to obtain optimal network performance.
In order to deal with these problems, the concept of D2D (device-to-device) communication is introductive, it allows point-to-point transmission between mobile devices, share part of the data traffic from BS and access points. D2D communication can improve spectrum efficiency, reduce the transmit power of terminals and solve the problem of spectrum resource scarcity that exist in wireless communication system, etc. [2] . As a key technology of the 5G, D2D communication has the potential to improve the system performance, improve the user experience, and expand the application prospect of cellular communication, so it has received increasing attention recently. In the Europe project of Mobile and Wireless Communications Enablers for the Twenty-Twenty (2020) Information Society (METIS 2020), Device-to-Device Communication, Ultra-Dense
Related Work and Motivation
Although D2D communication is direct communication from terminal to terminal, the communication process is still under control of the base station. In addition to allocate spectrum resource, base station establish the cellular link and D2D sessions by controlling the transmission power of cellular users and D2D users to improve system performance, reduce energy consumption and control inter-link interference effectively.
There are many articles discuss the interference avoidance and coordination from the aspects of power control. In [4] , Doppler et al. presented a power optimization scheme based on a single cell model, giving cellular users priority by ensuring their minimum transmission rate, this method increase the total rate of system. Fodor G et al. [5] proposed a distributed power control algorithm, calculate the SINR optimization target of web users, and assign transmission power to minimize power consumption of system. The authors of [6] considered two kinds of power control algorithms: Centralized Power Control Algorithm and Distributed On-Off Power Control Algorithm. The purpose of centralized power control algorithm is through controlling the transmit power of D2D link to ensure the communication quality of cellular users', at the same time guarantee the number of D2D links reach to maximize. Considering the centralized power control algorithm need base station to get all the channel state information, it will cause a lot of signaling overhead, so Distributed On-Off Power Control Algorithm is proposed in this paper, the main idea of this algorithm is D2D transmitters according to the status of direct link and the nonnegative threshold G min that system set to choose their own maximum transmit power, this algorithm does not consider the interference to other D2D users, do not need to mutual cooperation between D2D links. J. Gu et al. [7] studied under the premise of the known of channel state, by adjusting the D2D's transmit power to make base station and cellular users exclude outside the D2D communication coverage area. So that avoid the interference between cellular users and D2D users as far as possible. Min H et al. [8] put forward an interference exclusion area control strategy. In this strategy, when cellular users (CUES) in this area and make serious interference to D2D communication, in order to ensure the priority of cellular communication, the system automatically switches the D2D communication mode to cellular communication mode, thus avoiding the interference between cellular communication and D2D communication, and also increasing the throughput of the system. In [9] , the authors proposed an OFDMA system power optimization program, jointly consider resource allocation and mode selection, effectively reduces the downlink transmission power and the base station power consumption. T. F. Maciel et al. [10] analyzed D2D power control under MIMO cellular system, the authors discuss the transmission power optimization problem under the condition of fixed minimum SINR threshold and non-fixed minimum SINR threshold, the results show that power control under the non-fixed minimum SINR threshold can lead to higher performance gain. In [11] , the authors proposed a resource scheduling scheme based on interference situation awareness. In this paper, set at only one cell scene , D2D interference can be reduced through the use of resource allocation and power restriction and other methods, but the most important is to ensure the performance of cellular communication which as the main the business not affected too much. D2D terminal can estimate channel fading conditions by measuring the received interference signal, so to adjust and allocate resources to CUEs and DUEs by base station after feedback. By applying the power optimization setting and the best mode selection method, in comparison with the random resource allocation, the SINR of cellular communication links has been significantly improved. In this scheme, the base station needs to obtain all the link channel state information (CSI), so the cost of system control message is very large.
The interference coordination and power control schemes above are most research the performance of the D2D technology under a single cell. In fact, single cell is an ideal system, in the actual system, the communication between users not only suffer the interference from its own cell, but also suffer the interference from neighbor cells, especially for the edge users of cell. The interference environment in multi-cell and single cell is different, this lead to the conclusion in single cell can not be directly applied to multi-cell. So this paper proposed a multi-cell model, in order to reduce inter-cell interference that cellular users and D2D users suffered, design interference restricted area focus on decreasing the interference that generated by D2D communication.
System Model

Communication Model
Communication model is shown in Figure 1 . Here we consider many D2D pairs under multi-cell. One cell includes a base station, a cellular user and many D2D users, D2D users communicate with each other by reusing uplink frequency spectrum resource of cellular user. respectively, the distance between cellular user and base station, D2D transmitter and receiver is L C and L D respectively. As shown in Figure 2 , BS is located in a protected area Z which called interference restricted area, its radius is r. D2D users located in this area can't be activated, which are not allowed to use reuse mode to communicate, only the D2D users outside this area can be allowed to use reuse mode to communicate with each other. To reduce interference, we assume that the cellular user is located in this area. All cellular users and D2D users keep communication with BS, and the channel state information (CSI) is known by BS. 
Channel Model
The information between BS and UE exchange through the air channel. In order to establish transmission channel model, we consider the situation that transmitters and the receivers are all single antenna. The physical layer transmit in frame, the data link layer transmit in packet, and a frame may contain one or more data packets. With the following assumptions:
(1) Channel is a non-frequency selective channel, this can be achieved by OFDM technology. Channel parameters remain unchanged at the transmission time of a frame, but it may change between frame and frame, we called this channel block fading channel [12] . Thus, the modulation and coding strategy used for each frame are the same. (2) D2D receiver can accurately obtain channel state information, and notify the transmitter by no delay and error feedback channel. The transmitter based on feedback information to adjust modulation and coding.
(3) The receiver determines whether the packet that received is correct based on cyclic redundancy check (CRC). If the packet is correct, give feedback ACK(Acknowledgement) signal to the transmitter, the transmitter start to transmit the next data packet; Otherwise, give feedback NACK signal, the transmitter continue to send the packet until it receives the right or the maximum number of retransmissions. The length of the packet is N P , information bit is L, CRC bit is C. then we have N P =L+C. ARQ (Automatic Repeat request) is automatic retransmission request, The path loss is inversely proportional to the transmission distance of signal, that is 
Problem Description
In the previous section, we have introduced many kinds of power control methods to coordinate interference. In this section, we proposed a new dynamic power control algorithm and the concept of interference restricted area based on the communication model and channel model.
Uplink Dynamic Power Control Algorithm
When calculate the transmit power of communication users, We use open loop dynamic power control algorithm (OFPC) which mentioned in reference [13] to adjust the D2D transmit power. This algorithm point out that transmit power proportional to transmission distance. This allows when D2D transmitter is close to the receiver, D2D transmitter can employ a small transmit power, thereby reducing overall power consumption of D2D communication. According to this algorithm, UEx transmit power can be expressed as:
Where
P is the maximum transmit power that allowed to mobile terminals, R is the radius of the base station coverage area and 
Interference Restricted Area
The interference to point y from other users x  can be expressed as:
 is the set of all interferers, x P is the transmit power of interferer x,
is path loss from x to y. In order to reduce interference between cellular communication and D2D communication, we put forward the thought of interference restricted area, BS is the center of interference restricted area, radius is r, as shown in Figure 2 . In this thought, D2D can reuse cellular user's uplink frequency spectrum resources, and only D2D transmitter that outside the restricted area can be activated, all D2D users that located in the restricted area are not allowed to communicate with each other. In order to facilitate analysis, we assume the following:
(1) The radius of interference restricted area is r for all cell, at least one cellular user located in the area. (2) According to the requirement of system quality of service (QoS), the signal to interference plus noise power ratio (SINR) between cellular link and D2D link threshold is T. The coverage probability of a typical UE can be expressed as:
Interference Analysis
There exist four types of interference in the proposed communication scenario. We take one D2D communication for example: (1) the interference from all CUES to a D2D receiver denoted as 
The expectation is to be taken over both the point process and the fading. Due to the independence of the fading
This is a probability generating functional with 
First we calculate the integral: . To calculate this integral, we note that it is the expected value
Of an exponential random variable X with mean 1. Since     
It follows that
So, with
In the case of Rayleigh fading,
, using the properties of the gamma function, we obtain the close-form result
Interference to D2D Receiver
We have assumed that a cell only has one cellular user, so the distribution density of cellular user is the same as the base station, here we also use 
By substituting (15) into Equation (14), we get
Here we let  =1, because 
Since at the beginning of this article we have assumed that the distribution density of all D2D obedience Poisson process, but actually, when there is a interference restricted area in a cell, D2D users can be activated only when they located outside the restricted area, while D2D users located in the restricted area are not activated, therefore the
. So according to the lemma in [16] , the Laplace transform of dd I can be expressed by,
Interference to BS
In the derivation of interference to base station caused by D2D users, we make the following assumptions first:
(1) The radius of interference restricted area is not very large, because larger r leads to less active DUES, thus will reduce the total spectrum efficiency. (2) The distance between D2D pair is small, which lead to a very low transmit power, so as to reduce the interference. 
Where   n is the noise power density. We can obtain the occurrence probability of the cellular communication from Equation (4):
Using the fact that xy  is exponentially distributed, we can get that 
At last, we can get the outage probability according to
Outage Probability of D2D Communication
Similar to cellular communication, we can obtain the outage probability of D2D communication. The only difference is that the distance of D2D pair is set to be constant, so the expectation based on distance can be removed, then
Spectrum Efficiency Analysis
According to Shannon theorem, we can calculate the spectral efficiency of cellular user
For positive random variable X, its expectation can be expressed by [17] 
So the Equation (27) can be presented as
Where 1 t xe  , by substituting (24) into Equation (29), we get
. In the same way, we can deduce the spectrum efficiency of D2D communication
. In order to measure the performance of overall system, we introduce the concept of ASE (Area Spectral Efficiency). Specifically we compute the average spectral efficiency in units of nats/Hz, the ASE of the investigated hybrid system can be calculated as:
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Simulation and Analysis
In this section, we present numerical simulation of the outage probabilities and area spectral efficiency. Considering the system consist seven cells, the cell's shape is hexagonal, each cell has a central base station which use omnidirectional antenna. The same channel resource can be used by both cellular user and many D2D users, use wrap-around calculation inter-cell interference. We compare the performance in two scenarios: with restricted area and without restricted area.
Simulation Parameters
The simulation parameters set as shown in Table 1 .  , and also increase with the decrease of restricted area. But compared with Figure 4 we can find that: the increasing of interference restricted area radius have not a very obvious improvement on outage probability of D2D communication and cellular communication, for example: for cellular communication, when r=0.3, compared with r=0.2, the reduction of outage probability is only in 10%. Therefore, when the distance of D2D pair is constant, r is not the larger the better, on the contrary, small r can increase the number of the activated D2D, thus increasing the overall system throughput and spectrum utilization. Figure 4 and Figure 5 shows that in order to improve overall system performance, select a appropriate interference region radius r according to 
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Copyright ⓒ 2016 SERSC Figure 6 and Figure 7 show the area spectral efficiency versus D2D communication distance D L , the density D  variation of D2D. Figure 6 indicates that for the different interference restricted area radius r, the spectral efficiency will become larger as the distance of D2D communication decrease, and when D L <0.1, the scheme without restricted area actually leads to better area spectral efficiency, this is because when D L is very small, according to the dynamic power control algorithm mentioned before, transmit power of D2D will be smaller accordingly, so the interference between communication will be smaller. If increase the interference restricted area, it will make the activated D2D fewer, so that the spectral efficiency of the system will become smaller. Obviously, there is no necessary to increase the interference restricted area. When D L > 0.1, the area spectral efficiency with interference restricted area is higher than those without, but the improvement is not obvious. .08, area spectral efficiency will increase as the density of D2D users increase, and we can also conclude from the figure, the interference restricted area does not increase the spectral efficiency of the system. This is also verified the reaction in Figure 6 , when the distance between the D2D pair is small, the set of interference restricted area is not necessary, but with the D L increasing, the transmit power of D2D becomes large, the interference between communication system will become strong corresponding, then the set of interference restricted area will reduce interference, improve system performance.  >6, due to the interference between the communication become more and more strong, the spectrum efficiency of the system will reduce, but the area spectral efficiency with a interference restricted area is higher than that without interference restricted area. In general, when D L is small, the set of interference restricted area is not necessary; when D L is large, interference restricted area can reduce interference and improve system area spectral efficiency obviously. 
Area Spectral Efficiency Simulation and Analysis
Conclusion
This paper from the view of further enhance system spectral efficiency and reduce interference between the communication, proposed a D2D dynamic power control algorithm based on interference restricted area in multi-cell and multi D2D communications scenario. According to channel gain and the communication distance dynamically adjust the transmit power of each transmitter, and combine interference restricted area to reduce interference between communications. Simulation results show that the proposed algorithm can reduce the outage probability of communication, improve system spectral efficiency while allowing the system have more D2D pairs, thereby increasing the overall throughput of the system.
